Introduction
Energy, momentum and mass transfers in porous media are important factors in industrial and agricultural fields. Phase change heat transfer in porous media is a benchmark problem in a wide variety of applications, such as heat pipe, heat insulating material, petroleum reserve, groundwater decontamination, thermal drying process and casting solidification. Given the complexity of the internal structure of porous media, internal flow heat transfer is usually studied at three levels, namely, pore scale, representative elementary volume scale and macro scale. At present, scholars [1~4] have studied problems on phase change heat transfer in porous media under the condition of representative elementary volume and macro scales.
The research of this problem at pore scale level not only reflects the morphology of porous structure, but also provides full consideration to complex boundary effects of the porous media on changes in internal phase. After decades of development as a promising numerical method, lattice Boltzmann method (LBM) [5, 6] has become a tool to simulate fluid motion and model complex physical phenomena . Unlike the traditional method of computational fluid mechanics, LBM is not based on the macroscopic continuous equation but grounded on the fluid microscopic model and mesoscopic dynamic equations. The evolution mechanism in accordance with physical laws is constructed for calculation. LBM can be used to simulate heat and mass transfer problems in complex structures of porous media because of its simple implementation, good concurrency and simple boundary treatment.
At the pore scale, quartet structure generation set is introduced to generate random porous media. The phase change LB model proposed by Zhao [7] is combined with two different dimensional porous structures to simulate the phase change process of liquid in a porous medium. Results show the formation, growth and merging of bubbles inside the complex porous media.
Random porous media reconstruction
The spatial distribution of a porous medium can be expressed as the phase function Z(x)
Owing to the randomness of porous media, Z(x) can be thought of as a random variable. Its statistical features reflect the pore distribution characteristics, for example, the value of porosity is equal to the average Z(x).
Quartet structure generation set (QSGS) by Wang M. R. [8] is used to construct the two dimensional random porous media. This method can control the generation of porous structure by adjusting the morphology parameters. Two-dimensional QSGS needs eight growth directions, as shown in Fig. 1 . Before the initialization of construction space, the growth and non-growth phases are selected. In this study, the solid area is selected as the growth phase to reconstruct the porous framework. Based on this generation method, the formation steps of porous structure are as follows:
Fig.1. QSGS growth directions
(1) Assume that the whole structure is the skeleton mesh, and arrange the generative nucleus of the initial growth phase in the grid randomly with a certain probability Pc which should be less than the volume fraction of the phase. (2) Each initial growth nuclei grows with the probability Pi in direction i. For each growth volume element, a group of new random number is assigned to their adjacent nodes. If the random
x is located in the skeleton
number of adjacent nodes is less than Pi, then this adjacent node grows as the porous framework. (3) Repeat the second step until the preset volume-fraction of the porous structure is achieved.
As shown in Fig.2 , different kinds of isotropic two-dimensional pore structure are generated according to different porosities of porous media, the base mesh is the D2Q9 lattice, with gird size of 200×200, and the growth directions correspond to 8 non-zero discrete velocities. The black part in the picture is the solid matrix of the growth phase, and the white part is the pore.
The porosity in the porous media map from a to d are 0.2, 0.4, 0.6 and 0.8, respectively, with Pc=0.01, the Pi in each direction is 0.005. As shown in the pictures, the constructed porous media have a certain degree of similarity and authenticity compared with the real porous structure. With the increase of porosity, the framework phase is gradually reduced, whereas the connectivity of pore channel is gradually increased, as well as the connected area. We can see directly from the figure that the morphology of the porous medium structure is remarkably different because of the different growth probabilities in all directions. Therefore, the QSGS method can produce porous isotropy and anisotropy conveniently by changing the direction of growth probability. 
Phase change lattice Boltzmann model

Basic multiphase model
A theoretical model is applied to describe the gas-liquid phase change process; the evolution equations for this model can be expressed as follows [9] : is the equilibrium distribution function which is defined as follows: In a false potential model, the influence of the interaction force between particles is reflected by changing the speed of the equilibrium state in the equilibrium distribution function:
  is the mass density, m  is the molecular mass of the  th component; (
where the momentum of the  th component is To simulate phase change, the potential force must be considered. For the pseudo potential model, the pseudo potential function is described as follows [10] : If only the isotropic interaction between neighboring nodes is considered, then Green function can be expressed as:
is the interaction strength between  th and  th components, and the particle interactions of  th component can be taken as:
When the fluid comes into contact with the solid phase, solid density remains the same and the force between fluids and solid walls at the fluid-solid interface is
is the effective density of solid wall, and '
x is a constant if it is on the solid surface, whereas the effective density is zero; Green function σw
is the same as in Equation (7), but is characterized by the interaction intensity between fluids and solid walls; meanwhile, it can be used to reflect the soakage of fluid by adjusting the σw G ( , )  x x .
Phase change model
This paper focuses on a simple ideal phase change process (other minor factors are ignored), and the basic assumptions are as follows: (1) Calculation region reaches the saturation state; (2) Phase change rate is isotropic and has the same value in every discrete velocity directions; (3)To simulate phase change, heat flux q is supplied into the system. Based on the above assumptions, a phase change term is introduced to simulate the phase change and two-phase LBM is used to prompt the bubble fusion and growth. Therefore, the basic phenomenon of boiling can be simulated, and the macroscopic mass transfer equation can be taken as [11] :  are phase change rates from liquid phase to gas phase and from gas phase to liquid phase, respectively. This paper considers only the gasification process; hence Equation (9) can be simplified as:
The change of two-phase volume fraction of gas and liquid over time during vaporization is --
where  denotes to density ratio of gas and liquid; the expression of mass of gas phase and liquid phase change over time is 
Simulation of evaporation phase transition phenomenon
The phase change LB model is applied to simulate the phase change process under isothermal condition when the superheat of system is 0.002. The simulation system has 200×200 lattice sites. . All of the physical quantities are dimensionless. Periodic boundary scheme is used for upper and lower boundaries, whereas bounce-back scheme is applied for the left and right boundaries. The interaction force of fluids and interaction force between fluids and walls are not considered. For the equation to evolve, the heat provides a disturbance of 1%, with computing iteration t for a total of 1000 steps. Fig. 4 shows the vapor-liquid two-phase diagrams of pure liquid with different time steps. In this figure, the white part is the vapor, (i.e., the formation of bubbles;) and the black part is the liquid. Initially, some small bubbles begin to form in the region, and then the small bubbles continuously integrate into large bubbles. The hollow bubble rate in the whole area is increasing.
(a) t=300 (b)t=500 (c)t=800 (d)t=1000 Fig.4 . Two-phase distribution map with different time steps: (a) t=300, (b) t=500, (c) t=800, and (d) t=1000
Phase change Boltzmann model in porous media
Basic theory
For the phase change process in porous media, not only should the interaction force of fluid particles be considered, but also the interaction force between fluids and solid walls should be introduced into the Boltzmann model. As such, force term 2 F is added on the basis of multiphase model mentioned in Section 3.1. To achieve no-slip velocity boundary conditions, bounce-back format is applied for the collision of fluid and solid walls. The interaction force between fluids and solid walls can be express as follows [12] :
The value of Boolean variable is either 0 (fluid lattice) or 1 (solid lattice), and it can describe the soakage (negative) and nonwetting (positive) of solids. . Periodic boundary scheme is used for all the four boundaries, whereas the internal solid boundaries are applied the bounce-back scheme. The interaction force of fluids was not considered. In order to make the equation to be evolving, the heat give a disturbance of 1%.Computing iteration t for a total of 1000 steps.
Analysis of simulation results
(a) t=300 (b )t=500 (c) t=800 (d) t=1000 Fig.6 . Two-phase distribution map with different time steps in random structures of porous media Fig. 6 shows the vapor-liquid two-phase diagrams of pure liquid with different time steps of 300, 500, 800 and 1000 in porous media. In this figure, the white part is the solid skeleton, the black part is the liquid, and the gray part stands for gas phase. When the heat flux is supplied into the system, some small bubbles begin to form in the pores initially, and then the small bubbles continuously integrated into large bubbles. Effective collision and rebound process in porous media framework were also obtained. Finally, the bubbles almost occupied the entire pores.
(a) (b) Fig.7 . Changes in volume of (a) liquid and (b) gas phases in different superheat values Fig.7 shows the changes in volume of the (a) liquid and (b) gas phases in different superheat values in the process of evaporation. As we can see from the figure, the volume of liquid phase decreased, whereas the gas phase increased over time. Thus, in the process of phase change, the gas phase occupied the room of liquid phase gradually until the entire pores were fully occupied. At the same time, with the increase of superheat, the volume of gas phase is increase in the same time step, which means that the rate of phase change is as fast as the bubble growth.
(a) (b) Fig.8 . Change of quality of liquid(a) and gas(b) phase in different superheat Fig.8 shows the change of quality of the liquid and gas phases in different superheat values in the process of evaporation. The lines represent the theoretical results in Equation (12) , whereas the discrete points represent the results of simulation. The calculation results show that in three different heat loads, the maximum relative errors between the qualities of gas phase and liquid phase and the theoretical solution for the gas phase are 0.09%, 0.19% and 0.32%, respectively, whereas the values for the liquid phase are 0.11%, 0.38% and 1.49%, respectively. The simulation results are consistent with the calculation results, verifying the accuracy of the model and the methods. With the increase in time step, the quantity of the liquid phase decreases gradually, by evaporation into gas phase. As a result, the quantity of the gas phase increases gradually.
Conclusion
At the pore scale level, two-dimensional porous medium structures of porous media was constructed using quartet structure generation set. A random porous cavity was selected and combined with the lattice Boltzmann model to describe the gas-liquid phase transition process. Following main conclusions can be achieved:
(1) The porous media with different porosities (isotropic) and the same porosities (anisotropic) were constructed using quartet structure generation set. This method can effectively reconstruct the pore morphology and reflect the randomness of skeleton structure arrangement of rocks, foam metals and so on. (2) Analysis the transformation laws of liquid to gas in three different heat loads and results
show that the maximum relative errors between the qualities of gas phase and liquid phase and the theoretical solution for the gas phase are 0.09%, 0.19% and 0.32%, respectively, whereas the values for the liquid phase are 0.11%, 0.38% and 1.49%, respectively. The simulation results are consistent with the calculation results (3) Combining the lattice Boltzmann model which can describe the gas-liquid phase transition process with reconstructed porous media, bubble generation, growth, mutual fusion and collision as well as rebound process in porous media framework were investigated by simulating the phase transition phenomenon in porous media. Simulation results coincide with the theoretical solution perfectly, verifying the accuracy and feasibility of the model for random porous structures.
